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Abstract 
The chemical imaging sensor is a semiconductor-based chemical sensor that can visualize the two-dimensional distribution 
of specific ions or molecules in the solution. In this study, we developed a miniaturized chemical imaging sensor system with an
OLED display panel as a light source that scans the sensor plate. In the proposed configuration, the display panel is placed 
directly below the sensor plate and illuminates the back surface. The measured area defined by illumination can be arbitrarily 
customized to fit the size and the shape of the sample to be measured. The waveform of the generated photocurrent, the current-
voltage characteristics and the pH sensitivity were investigated and pH imaging with this miniaturized system was demonstrated.
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The chemical imaging sensor [1-3] is a powerful tool for visualization of chemical species in electrochemical and 
biological systems. It is based on the principle of the light-addressable potentiometric sensor (LAPS) [4], in which 
the variation of the width of the depletion layer in Si responding to the ion concentration on the sensing surface is 
read out in the form of a photocurrent induced by local illumination of the sensor plate. In the conventional system, 
however, the need for a focusing optics and a mechanical scan stage hindered the miniaturization of the system. 
In this study, we developed a new design of chemical imaging sensor system using an organic LED (OLED) 
display panel as a light source placed in the proximity of the back surface of the sensor plate. Figure 1 shows the 
measurement system of the novel OLED-LAPS. The pixel pattern turned on acts as a light spot that defines the 
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sensing area. Since the pixel pattern on the display panel can be moved freely, it can replace the laser beam and the 
mechanical stage of the conventional system. As a similar approach, Filippini et al. have proposed the use of a 
computer screen as a light source for surface plasmon resonance imaging [5] and visible absorption spectroscopy [6].  
Based on the OLED-LAPS, the chemical imaging system can be miniaturized and the costs for the measurement 
system can be drastically reduced. Besides, not only the position but also the size and the shape of the light pattern 
on the display panel can be changed without mechanical parts such as focusing optics. Thus, the measured area 
defined by illumination can be arbitrarily customized to fit the size and the shape of the sample to be investigated. 
2. Experimental setup 
Fig. 1 is a schematic view of the measurement system we developed in this study. The measurement system 
consists of a sensor plate, a sample well mounted on the sensor surface, a display panel module to illuminate the 
sensor plate, and measurement software (PC). The sensor plate and the sample well were essentially the same as 
those we used in previous studies [7]. A 0.96-inch organic LED display (uOLED-96-G1, 4D systems inc.) was used 
to illuminate the sensor plate. The self-luminous capability of the OLED display that provides higher contrast 
compared to a conventional liquid crystal display (LCD), is suitable for LAPS illumination. The measurement 
software controls the pixel pattern with a resolution of 96 x 64 (width x height) pixels on the display via USB 
interface. The measurement software also adjusts the bias voltage, records the photocurrent while scanning the light 
spot, and visualizes the photocurrent distribution.  
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Fig. 1.  Schematic diagram of OLED-LAPS system. 
3. Result and discussion 
3.1. Generation of photocurrent signal 
To begin with, the waveform of the photocurrent signal induced by a light spot on the OLED display was 
examined. The left panel of Fig. 2 shows a typical photocurrent induced by a light spot of 8 x 8 pixels in size. A 
waveform with a periodicity of about 7.4 ms was observed, which corresponded to the refresh rate of the display, 
135 Hz. On this OLED panel, pixels on the same row flash simultaneously and then pixels on the next row flash, 
and therefore, the waveform is a superposition of the pulsed photocurrent from each pixel. 
The waveforms of the photocurrent induced by different pixel patterns were examined. The middle and right 
panel of Fig. 2 show the waveforms of photocurrent induced by a light spot of 8 x 16 or 16 x 8 pixels, respectively. 
In the case of 8 x 16 pixels, the pixel pattern is taller in the vertical direction (the direction of the refresh), and the 
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duty cycle of the waveform becomes larger due to the time delay between rows. In the case of 16 x 8 pixels, the 
pixel pattern is wider in the horizontal direction, and the amplitude of photocurrent is enhanced while the duty cycle 
dose not change.  
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Fig.2. Waveforms of photocurrent generated by various patterns of light spot on the display panel. 
3.2. pH response of I-V characteristics  
The amplitude of the photocurrent can be used as a sensor signal, which varies with the width of the depletion 
layer. In the left panel of Fig. 3, the amplitude of the photocurrent is plotted as a function of the bias voltage for 
various pH values. The shift of the current í voltage curve is observed, which is essentially the same as that of the 
conventional LAPS. In the right panel of Fig. 3, the shift was plotted as a function of pH, and the sensitivity of the 
measurement was 53.7 mV/pH, which is close to the Nernstian shift. 
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Fig.3. I-V curves for various pH buffer solutions. 
3.3. Chemical imaging 
Figure 4 shows an example of chemical images for different pH values recorded by scanning the light spot on the 
display. During the scan, the photocurrent was collected under a fixed bias voltage, and the distribution of the 
photocurrent value is represented as a chemical image. The resolution of the chemical image can be chosen by 
changing the pixel size of the light spot. The resolution can be enhanced in a measurement using a small light spot, 
and the S/N ratio can be improved in a measurement using a larger light spot.  
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Fig. 4. Chemical images corresponding to different pH values. 
4. Conclusion 
The novel OLED-LAPS measurement system was developed using the light spot on the OLED display as a light 
source.  A periodic waveform of photocurrent was induced by the illumination of the OLED display with a refresh 
rate of 135 Hz. The amplitude and the duty cycle of the photocurrent changed depending on the pixel pattern on the 
display.  
The photocurrent – bias voltage characteristics shifted depending on the pH value of the sample. By scanning the 
pixel pattern on the display, chemical imaging was successfully achieved. It was demonstrated that the OLED-LAPS 
was able to perform the LAPS measurement. 
The new system is greatly reduced in size in comparison to the conventional chemical imaging sensor systems 
[1-3], since the measurement system of OLED-LAPS dose not require any complicated mechanics and optics. In 
addition, the measured area defined by illumination can be arbitrarily customized to fit the size and the shape of the 
sample to be measured. A study on the application of the miniaturized OLED-LAPS system is in progress. 
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